Energy expenditure was measured during pregnancy in seven primigravid women at 12-15, 25-28, and 34-36 
Introduction
Current estimates of energy requirement during pregnancy recommend an increase in energy intake over the normal non-pregnant non-lactating intake of 0-63 MJ/day in the first trimester and 1-47 MJ/day in the second and third trimesters in order to cover the additional energy demands of pregnancy.' These estimates are based largely on the theoretical calculations of Hytten and Leitch.2 By contrast, several recent studies have found that healthy women eating to appetite may show little or no increase in energy intake above the prepregnancy level with no evident adverse effect on either the outcome of pregnancy or maternal nutritional state. [3] [4] [5] This apparent disparity suggests that there may be an increased efficiency of maternal metabolism during pregnancy. In order to investigate this phenomenon further we have measured energy expenditure both at rest and in response to a test meal in the first, second, and third trimesters of pregnancy and compared these measurements with those in the postlactational state.
Patients and methods
Serial measurements of energy expenditure were performed on seven healthy normotensive women (mean age (SD 2-9) years) both during and after uncomplicated pregnancies. Patients were recruited at the initial antenatal booking visit. All subjects were in their first pregnancy and none smoked. All were delivered vaginally between 39 and 42 weeks of gestation and birth weights were between 2800 and 3900 g (mean 3350 (SD 340) g). The subjects had a mean prepregnant weight (obtained by recall) of63 1 (SD 8-2) kg and a mean height of 162 (SD 6) cm. Weight gain during pregnancy was obtained by subtracting the weight before pregnancy from the last recorded weight in the antenatal clinic. The mean postlactational weight was 63-3 (7 9) kg. Measurements of energy expenditure were performed on each subject on four occasions: between 12 
Results
Weight changes-During pregnancy all subjects accumulated weight (11-9 (2-1) kg), which was subsequently lost after delivery. Six of the seven subjects had regained their prepregnancy weight by the time of the repeat measurement after the disappearance of lactation.
Resting metabolic rate (table I) was increased at each trimester ofpregnancy and when compared with that in the postlactational state was significantly higher both in the second trimester (CI 0-04 to 0-034 kJ/min; t=3-16, p<0-02) and in the third trimester (CI 0-14 to 0-53 kJ/min; t=3-97, p<0-01). When resting metabolic rate was expressed per kg of body weight, however, there was no difference between measurements obtained during pregnancy and in the postlactational state.
Energy response to test meal-After ingestion ofthe mixed constituent meal metabolic rate increased in all subjects investigated at all stages ofpregnancy (fig 1) . The metabolic response to the meal (table I) was significantly reduced in the second trimester compared with that after lactation (CI 5-5 to 39-2 kJ; t= 3-24, p<O-02). This effect was particularly pronounced during the second hour after ingesting the meal (CI 4-3 to 26-9 kJ; t=3-37, p<002). This Compared with value after lactation: *p<0o05; **p<0-02; ***p<0-01. reduction in energy expenditure during the second trimester was shown by all subjects. There was no difference in the cumulative incremental rise in the first trimester compared with that in the postlactational state. During the third trimester, however, postprandial energy expenditure was significantly reduced when measured at 105 and 120 minutes, though the cumulative incremental rise for the second hour and the total response were not significantly reduced.
Responses of glucose and insulin concentratins to meal-When compared with the mean fasting glucose concentration in the postlactational state (5-4 (0-3) mmol/l) that during pregnancy was significantly lower in the first (4-7 (0-3) mmol/l (CI 0-3 to 1 1); t=4-49, p<001), second (4-5 (0 3) mmol/l (CI 0-5 to -14); t=6-65, p<0-001), and third (4-2 (0-3) mmol/l (CI 0-6 to 1-6); t=6-28, p<0 001) trimesters. The glucose response to the meal was significantly greater during pregnancy than in the postlactational state ( fig  2) . There was no difference between the fasting insulin concentration (fig 3) in the postlactational state (9-6 (2-9) mIU/l) and that in the first (9 9 (2-9) mIU/l), second (9-4 (2-6) mIU/l), or third (11-0 (1-8) mIU/l) trimester of pregnancy. As pregnancy advanced, however, the insulin response to the mixed meal became progressively greater with a delayed peak. The concentration 60 minutes after the meal was significantly raised in both the second (mean 73-9 mIU/l (CI 12-2 to 33-2); t=5-29, p<0-01) and third (mean 154-9 mIU/l (CI 76-6 to 131-6); t=9-26, p<0-001) trimesters when compared with the postlactational value. The insulin to glucose ratio ( The principal component of energy expenditure-that is, the basal metabolic rate-has been extensively investigated in pregnancy,"-'4 though none of these studies has included longitudi-1575 nal measurements throughout pregnancy. These studies have concluded that in absolute terms the basal metabolic rate rises during the course of pregnancy but that when expressed per unit of weight no increase is found when compared with the prepregnant state. Considerable interest has recently been aroused by two studies on nutritionally different populations, including serial measurements throughout pregnancy, which suggest that there may be a fall in the basal metabolic rate per unit of weight during early pregnancy.'515 We found no such fall and our data agree with the earlier studies in showing a constant resting metabolic rate per unit of weight throughout pregnancy.
Energy spent on physical activity is another potential source of physiological adaptation in pregnancy. In a wide ranging survey of different population groups Houdek-Jimenez and Newton found that most of the women questioned showed very little change in the amount of physical work performed during pregnancy.'6 More detailed estimates ofphysical work have been obtained from 24 7 In this study we also found no correlation between the insulin response to the meal and either the increase in metabolic rate after the meal or the degree of suppression of postprandial energy expenditure in either the second or third trimester. These findings in association with the observation that the two phenomena of suppressed energy expenditure and increasing insulin resistance are maximal at different times in the pregnancy suggest that the two processes are not causally related. Our findings of a lower fasting glucose concentration throughout pregnancy and increased insulin resistance during the third trimester accord with earlier data. 28 In conclusion our study shows that at the time ofmaximal energy demand in pregnancy women reduce energy expenditure by diminishing the metabolic response to a mixed constituent meal. ). Points are means. Bars are SEM. *p<0O05; **p<O0O1; ***p<O0OOl.
The increased energetic efficiency inherent in this adaptation may play some part in making energy available for fetal nutrition without the need for maternal energy intake appreciably to increase.
